General
The X-ray powder diffraction spectra (XRPD) were recorded on a Rigaku D/Max-2500 diffractometer at 40 kV, 100 mA for a Cu-target tube and a graphite monochromator. The thermogravimetric analyses (TGA) were carried out with a standard TG-DTA analyzer under air atmosphere at a heating rate of 10 °C/min for all measurements. IR spectra were measured on a TENSOR 27 OPUS (Bruker) FT-IR spectrometer using KBr disks dispersed with sample powders in the 4000-400 cm -1 range. The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), OPA (0.05mmol), tpt (0.05 mmol) in DMF (4 ml) at 100 °C for 2 days gave green block crystals (yield 48% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 4-aminophthalic acid (NH 2 -OPA) (0.05mmol), tpt (0.05 mmol) in DMAc (4 ml) at 90 °C for 3 days gave dark green block crystals (yield 30% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 4-nitrophthalic acid (NO 2 -OPA) (0.05mmol), tpt (0.05 mmol) in a mixture of DMF (2 ml) and ethanol (2 ml) at 85 °C for 3 days gave green block crystals (yield 55% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 4-fluorophthalic acid (4-F-OPA) (0.1mmol), tpt (0.05 mmol) in a mixture of DMF (4 ml) and ethanol (4 ml) at 85 °C for 3 days gave green block crystals (yield 50% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 3-fluorophthalic acid (3-F-OPA) (0.05 mmol), tpt (0.05 mmol) in DMF (12 ml) at 95 °C for 3 days gave green block crystals (yield 65% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 3,6-difluorophthalic acid (3,6-(F) 2 -OPA) (0.05 mmol), tpt (0.05 mmol) in DMF (4 ml) and ethanol (4 ml) at 95 °C for 3 days gave green block crystals (yield 55% based on tpt). The solvothermal reaction of Ni(NO 3 ) 2 · 6H 2 O (0.1 mmol), 3,4,5,6-tetrafluorophthalic acid ((-F) 4 -OPA) (0.05 mmol), tpt (0.05 mmol) in DMF (4 ml) and ethanol (4 ml) at 100 °C for 3 days gave green block crystals (yield 60% based on tpt).
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Part 2. Structures and Topologies of the Frameworks Figure S1 . View of the asymmetric unit of TKL-101. 
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Part 6. Gas Sorption Properties Figure S19 . Ar sorption isotherms at 77 K for TKL-104 (black), TKL-105 (red), TKL-106 (blue) and TKL-107 (green).
The isosteric heats of H 2 were calculated using the Clausius-Clapeyron equation by analyzing the H 2 adsorption isotherms at 77 K and 87 K. Using the method, the isosteric heats of CO 2 adsorption were calculated from CO 2 adsorption isotherms at 273 K and 298 K. Table S8 . Gas permeation results of TKL-107-MMMs. Figure S29 . Pure gas permeation experimental apparatus: (1) feed gas cylinder; (2) sweeping gas cylinder; (3) mass flowmeter; (4) buffer vessel; (5) humidifier; (6) membrane cell; (7) regulating valve; (8) four-way switching valve.
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